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In August 1959, the President directed the 
Secretary of Health, Education, and Welfare 
to intensify Departmental activities in the field 
of radiological health. The Department was 
assigned responsibility within the Executive 
Branch for the collation, analysis and inter- 
pretation of data on environmental radiation 
levels. The Department delegated this respon- 
sibility to the Division of Radiological Health, 
Public Health Service. 


Radiological Health Data is published by the 
Public Health Service on a monthly basis. Data 
are provided to the Division of Radiological 
Health by other Federal agencies, State health 
departments, and foreign governments. Perti- 
nent original data and interpretive papers are 
invited from investigators. Accepted material 
will be appropriately credited. The reports are 
reviewed by a Board of Editorial Advisors with 
representatives from the following Federal 
agencies: 


Department of Health, Education, and 
Welfare 

Atomic Energy Commission 

Department of Defense 

Department of Agriculture 

Department of Commerce 


Contributions may be sent to the Radiological 
Health Data and Reports Staff, Division of 
Radiological Health, Public Health Service, 
Washington 25, D.C. 

For further information on any subject re- 
ported in this issue, readers are referred to the 
_contributors indicated in article headings. 








For subscriptions to Radiological Health 
Data, please use the order form on last page of 
this issue. 
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SECTION L—AIR AND FALLOUT 


Fission Product Beta Activity in Airborne Particulates and Precipitation 


Surveillance of gross beta activity in air and 
precipitation permits quick and sensitive de- 
tection of fission product activity fluctuation in 
the environment. Although this information 
alone does not allow evaluation of biological 
effects due to fallout, it forms the basis of 
alerting systems and can be used as a rough 
index to determine when and where more ex- 
tensive monitoring of radioactivity in food, 
milk, and water may be indicated. 

October 1962 gross beta concentrations are 
presented in the following reports from the 
Canadian Radioactive Fallout Study Program, 
Radiation Surveillance Network, and 80th Me- 
ridian (West) Sampling Program. Because of 
differences in equipment and techniques the 
results of one network are not directly compar- 
able with those of another. A study conducted by 
Lockhart and Patterson of the U.S. Naval Re- 
search Laboratory has determined intercalibra- 
tion factors for comparing the results of the 
three networks (1, 2). Relative activity values 
determined for the three networks are: Ca- 
nedian Air Monitoring Network, 1.00; Radia- 
tion Surveillance Network, 0.65; and NRL 80th 
\ eridian Network, 1.12 (2). These factors are 
s bject to the uncertainty of air volume meas- 
uvements and may not hold for very young 
fission products. 

Presented below for the first time in Radio- 
k gical Health Data are the Mexican Radioac- 
tive Fallout Program air monitoring results. 
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The data cover the 12-month period from Oc- 
tober 1961 to September 1962. 


REFERENCES 


(1) Lockhart, L. B., Jr., and R. L. Patterson, Jr.: 
Intercalibration of Some Systems Employed in Moni- 
toring Fission Products in the Atmosphere, NRL 
Report 5850, (November 13, 1962). 

(2) Lockhart, L. B., Jr., and R. L. Patterson, Jr.: 
Intercalibration of Some Air Monitoring Systems 
(March-—June 1962), Radiological Health Data, 
3:466-70, Public Health Service, Washington 25, 
D.C. (December 1962). 


RADIATION SURVEILLANCE NETWORK 
October 1962 


Division of Radiological Health, Public Health 
Service 


During October 1962, 72 sampling stations, 
distributed among the fifty States, Guam, and 
Puerto Rico, comprised the Radiation Surveil- 
lance Network (see figure 1). RSN sampling 
stations are manned predominantly by State 
Health Department personnel. 

Air 

Daily 24-hour air samples are collected by 
a high volume air sampler with a 4-inch diam- 
eter carbon-loaded cellulose dust filter. Field 
measurements with a portable survey meter 
enable the station operator to estimate the 
amount of beta activity in airborne particulates 
at the station 5 hours after collection by com- 
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FicurRE 1—RADIATION SURVEILLANCE NETWORK SAMPLING STATIONS AND AVERAGE FISSION 





PRODUCT BETA CONCENTRATIONS IN AIR (uuc/m*), OCTOBER 1962 


parison with a known Sr*’-Y* source. This 
eliminates interference from 
naturally-occurring radon daughters. Each op- 


5-hour delay 


erator then reports his field estimate by tele- 
phone to the Radiation Surveillance Center, 
Division of Radiological Health, Washington, 
D.C., to provide a daily national report. 

The filters are then forwarded to the Ra- 
diation Surveillance Network laboratory in 
Rockville, Maryland, for a more refined meas- 
urement using a thin-window gas-flow propor- 
tional counter. Each filter is counted at least 
3 days after the end of the sampling period 
and re-counted 7 days later. The initial 3-day 
aging of the sample eliminates interference 
from naturally-occurring radon and thoron 
daughters. The two counts, separated by a 7- 
day interval, make possible the estimation of 
the age of fission products and extrapolation 
of the activity to the time of collection. The 
extrapolation is performed by using the Way- 
Wigner formula (AT — constant) .* 


*In this expression, A is the activity and T is the 
time after fission product formation. 
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Although gross beta concentration is usually 
presented without reference to age, it is ap- 
parent that fission product activity is more 
adequately described when the age parameter 
is also given. Studies on determining a mean- 
ingful monthly average age of fission products 
are now in progress. 

The average fission-product beta concentra- 
tions in surface air during October 1962, 
determined by laboratory analysis and extra 
polated to the time of collection, are tabula’ 
in table 1 and presented by means of concent 
tion contours in figure 1. 


Precipitation 


Continuous sampling for total precipitati 
is conducted at most stations on a daily ba 
using funnels having collection areas of 0.4 1 
A 500-ml aliquot of the collected precipitati 
is evaporated to dryness, and the residue 
forwarded to the laboratory to be counted 
the same method used for analyzing the : 
samples. If the collected sample is between 2 
and 500 ml, the entire sample is evaporaté 
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FicurE 2—MONTHLY AND YEARLY PROFILES OF BETA ACTIVITY IN AIR, 


NETWORK, 1956-OCTOBER 1962 
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TABLE l. 


Station location 


Alaska 


° W eigl 


sampling times and the corresponding ac 


GROSS BETA ACTIVITY OF PARTICULATES 
IN AIR, RSN, OCTOBER 1962 


[Concentrations in puc/m*] 


Num- 
| ber 
Samples 


Adak ‘ 31 
Anchorage 30 
Attu 31 
Fairbanks 10 
Juneau 20 
Kodiak 31 
Nome 12 
Point Barrow Isl 30 
St. Paul Island 30 
Phoenix 31 
Little Rock 29 
Berkeley “ — 31 
Los Angeles 21 
Denve! 29 
Hartford 30 
Dover 22 
Washington 1 
Jacksonville 31 
Miar 51 
Atlanta 3] 
Agana 
Honolulu l 
Boise | 
Spring eld l 
Indiana 0 
lowa ¢ 0 
I pe ka An] 
Frank t 28 
New © is >] 
Aug 1 
Presq I 1 
Baltimore 23 
Rockville 1) 
Lawrence U 
W inches 0 
Lansin l 
M nnea 0) 
J kson 29 
Pascagoula 18 
Jefferson ( 10 
Helena l 
] neoln l¢ 
Las Vegas ae) 
Concord 21 
rrenton l 
Sante | 29 
Albany 0 
Buffa 28 
New York 15 
(oa nia 0 
Bismarck 1 
Cincinnati 21 
Columbus 31 
Painesville 29 
Oklahoma ( 1 
Ponca ¢ 28 
Portland 30 
Ha sburg 25 
San Juan 1 
P dence l 
Columbia 5] 
Pierre $1 
Nashville 29) 
\ustin 0 
El Paso 0 
Salt Lake City 1 
Sarre 1 
tichmond 1 
Seattle 30 
Charleston 3 
Madison 31 
Cheyenne 31 
average 


ted average obta ned by 


nation of the individual sampling times 
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Maxi- 


mum mum 


6.0 | 0.65 
24 | <0.10 
12 | 0.11 
6.5 0.27 
4.2 0.71 
1.6 <0.10 
2.6 <0.10 
4.6 <0.10 
17 3.0 
17 0.86 
22 0.80 
32 2a 
21 1.4 
20 0.92 
27 0.63 
21 0.37 
4 0.31 
15 0.22 
29 0.57 
16 0.36 
56 0.78 
12 0.87 
17 1.9 
12 0.38 
18 (0). 2¢ 
20 1.5 
13 0.13 
eo 0 .9F 
6.5 0.18 
23 0.81 
12 2.0 
9.3 0.21 
ll 0.78 
16 0.90 
20 0.68 
13 0.1 
15 0 . 2¢ 
16 0.90 
25 Lew 
t.3 0.30 
14 1.6 
19 0.14 
22 1.3 
15 0.11 
9.9 0.12 
22 0.17 
19 0.36 
25 0.42 
18 2.0 
27 1.9 
18 1.4 
is 0.24 
9.4 <0.10 
9 2.3 
48 1.3 
3.0 0.11 
12 0.13 
12 0.18 
15 0.54 
27 1.0 
17 0.12 
15 0.45 
22 B® 
17 0.54 
22 0.65 
15 0.97 
21 1.5 
17 0.67 
29 1.5 


summing the products of individual 
tivities, and dividing by the sum- 


Mini- |* Weighted 


Average 


Alaska 
99 
2.5 
+.8 
2.6 
0.70 
1.0 
t Ariz 
12 Ark 
5.4 Calif 
6.8 
9.7 Colo 
7.6 Conn 
5.1 
Del 
5.7 >.¢5 
1.7 Fla 
6.0 
5.2 Ga 
D.4 Guam 
Hawaii 
3.1 Idaho 
10 Ill 
+.5 Ind. 
1.9 lowa 
}.2 Kans 
o.U 
ue Ky 
4 La 
.5 Maine 
2.3 Md 
5.4 
7.4 
Mass 
3.9 
1.6 Mich 
5.2 Minn 
t.0 Miss 
5.4 
6.1 
1.7 Mo 
9.1 Mont 
1.8 Nebr 
14 Ne 
+ .6 N.H 
1.7 N.J 
S.2 
1.5 N. Mex 
4.6 N.Y 
41.8 
7.0 
6.7 N.( 
6.8 N. Dak 
5.4 
5.2 Ohio 
5.2 
2.5 
7.2 Okla 
8.4 
0.72 Ore 
5.0 
4.4 2. 
5.8 PLR 
7.3 R.I 
Baw S.C. 
5.2 S. Dak 
8.1 Tenn. 
oe) 
4.6 Tex 
:.3 
+.7 Utah 
4.3 Vt. 
8.2 Va. 
Wash 
5.2 
W. Va 
Wis 
Wyo 


TABLE 2. 


Station location 


Adak 

Anchorage 

Attu 

Fairbanks 
Juneau 

Kodiak 

Nome 

Pt. Barrow Island 
St. Paul Island 


Phoenix 
Little Rock 
Berkeley 
Los Angeles 
Denver 
Hartford 


Dover 
Washington 
Jacksonville 
Miami 
Atlanta 
Agana 


Honolulu 
Boise 
Springfield 
Indianapolis 
lowa City 


Topeka 


Frankfort 
New Orleans 
Augusta 
Presque Isle 
3altimore 


Rockville 


Lawrence 
Winchester 


Lansing 
Minneapolis 
Jackson 


Pascagoula 


Jefferson City 
Helena 
Lincoln 

Las Vegas 
Concord 
Trenton 


Santa Fe 
Albany 
Buffalo 
New York 
Gastonia 
Bismarck 


Cincinnati 
Columbus 
Painesville 
Oklahoma City 
Ponca City 
Portland 


Harrisburg 
San Juan 
Providence 
Columbia 
Pierre 


Nashvy ille 


Austin 

El Paso 

Salt Lake City 
Barre 
tichmond 
Seattle 


Charleston 
Madison 
| Cheyenne 


—GROSS BETA ACTIVITY IN 


PRECIPITATION, RSN, OCTOBER 1962 


Average 





concen- | . Tot 
tration | deposit 
puc/ liter) myc 
> * 
1,300 | 
> i > 
- | * 
1,800 | 
al . 
> . 
> . 
* > 
* . 
480 
400 | 
27 .000 
* | * 
$600 
* - 
920 
640 
S30 
900 
> * 
* * 
] 
1,400 
180 
640 
1,100 
2.700 
S70 
900 
1,700 
2.000 
100 
2.700 
7,000 
1,200 
t,700 
100 
150 
100 
1.800 
t,.000 
1,300 
5,000 
1,100 
760 
1,200 
1,800 
> > 
440 
2,000 
* * 
1,100 
2,400 
600 
530 
2,200 
600 
100 
1,900 
100 
810 
590 
700 
510 | 
2,400 
$60 
870 
790 
1,300 
1,100 
920 


* Indicates no evaporated sample received 
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ii less than 200 ml (equivalent to 0.6 mm or 
0 92 inches of rainfall), the volume of pre- 
c jitation is reported, but no analysis is made. 
( tober 1962 averages of gross beta activity in 
p ecipitation, expressed in micromicrocuries 
pr liter (yye/liter) and millimicrocuries per 
s¢ lare meter (muc/m?), are shown in table 2. 


P. ofiles 

[he profiles of the monthly average fission 
product beta activity in airborne particulates 
for 7 stations, updated through October 1962, 
are shown in figure 2. 


CANADIAN RADIOACTIVE FALLOUT 
STUDY PROGRAM 


October 1962 


Department of National Health and Welfare, 
Ottawa, Canada 


As part of its Radioactive Fallout Study 
Program (RFSP), the Radiation Protection 
Division, Department of National Health and 
Welfare, Dominion of Canada, conducts air and 
precipitation sampling programs. The 24 air 
and precipitation stations are located at air- 
ports (see figure 3), and the equipment is op- 
erated by meteorologists of the Meteorological 
Services Branch of the Department of Trans- 
port. 

More detailed discussions of the sampling 
procedures, methods of analysis, and interpre- 
tation of results of the radioactive fallout pro- 
gram are contained in the Department’s annual 
reports for 1959 and 1960 (1,2). 


Air 


About 650 cubic meters of air are drawn 
through a high-efficiency 4-inch-diameter filter 
during a 24-hour period. Filters are sent daily 
to the Radiation Protection Division Labora- 
tory in Ottawa. A 2-inch-diameter disk is re- 
moved from each filter and counted with a thin 
end-window Geiger flow counter system, cali- 
brated with a Sr®”-Y° standard. Four suc- 
cessive measurements are made on each filter to 
allow for the presence of natural activities and 
fo’ the decay of short-lived fission products. 
Tle result is extrapolated to the end of the 
sampling period. Air data for October 1962 are 
presented in table 3. 


February 1963 


Precipitation 


The amount of radioactive fallout being de- 
posited on the ground is determined from 
measurements on material collected in special 
polythene-lined rainfall pots. After transfer of 
the water to the sampling container, the poly- 
thene liner is removed, packed with the sample, 
and sent to the laboratory. October 1962 pre- 
cipitation data, including some radiochemical 
analyses, are presented in table 4. (see p. 68). 
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FIGURE 3.—CANADIAN AIR AND PRECIPITATION 
SAMPLING STATIONS 

REFERENCES 

(1) Bird, P. M., A. H. Booth, and P. G. Mar: Annual 
Report for 1959 on the Radioactive Fa it St dy 
Program, CNHW (RP-3), (May 1960). 

(2) Bird, P. M., A. H. Booth, and P. G. Mar: Annual 
Re port for 1960 on the Radioactive Fallout Study 


Program, CNHW (RP-3), (December 1961). 





TaBLeE 3.—FISSION PRODUCT GROSS BETA 
ACTIVITY IN SURFACE AIR, RFSP, OCTOBER 1962 
Ave 1 I l 
N ul 
Station of sa M M 

Calgary ] 19 18 .( 

hatham 1 l " t.& 
Coral Harbo . 20.0 { 

imonton ' 76.5 
Ft. Churchill 1 15.5 
Ft. William 1 20 , 7.3 
Fredericton wes 31 13.6 > ».0 
Goose Bay 48) 12.9 4 
Inuvik 1 9.6 0.0 » 7 
Kapuskasing 29 13.5 1.4 5.8 
Montreal 0 16.0 ; g | 
Moosonee 28 ey 
Ottawa 30 23.0 0 8.0 
tegina 1 112.0 7 14.8 
Resolute s 1 .f ().¢ L 
Saskatoon 31 70.0 1.8 15.1 
Shearwater 1 17.0 0.7 af 
Torbay 30 16.6 1 
Toronto 31 20.0 ) & 4 
Vancouver 3 | 25.8 1.5 8.8 
Whitehorse oe 31 13.3 0.8 1.4 
Windsor ; 29 27 .5 2.8 0.3 
Winnipeg . eS 29 52.0 1.2 12.9 
Yellowknife $1 15.5 U.2 1.4 
Network Average 7.5 
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Paste 4.—FISSION PRODUCT GROSS BETA ACTIVITY IN PRECIPITATION, RFSP, OCTOBER 1962 


MEXICAN RADIOACTIVE FALLOUT 
PROGRAM 
October 1961—September 1962 


ional Commissi } OT Nuclear Ene rgy, 


Me 4 CO 


The Radiation Surveillance Network of Mex- 
ico Was established by the “Comisi6én Nacional 
de Energia Nuclear” (CNEN), through its 
Radiological Program (RPP) in 
1961, to provide a means for determining in- 
ereased levels of radioactivity in air and pre- 
cipitation due to fallout from nuclear tests. 

Prior to the establishment of the network, 
two pilot sampling stations were set up in Mex- 
ico City and San Luis Potosi to aid in the 
selection of equipment and sampling sites. 
Since April 1962 the network has been ex- 
panded to eleven stations, nine of which were 
in operation by the end of September 1962 (see 
figure 4 and table 5). 


Protection 


Jeposition Of specific I 


Seven of the nine sampling stations are lo- 
cated at airports and operated by airline per- 
sonnel. The remaining two stations are locate 
at Mexico City and Veracruz and are operated, 
respectively, by staff members of RPP and th« 
“Centro de Prevision del Golfo de México.” 





FicurE 4.—FALLOUT NETWORK SAMPLIN :: 
STATIONS IN MEXICO 
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TaB.e 5.—GEOGRAPHICAL SITUATION OF 


SAMPLING STATIONS 


FE) 

0 

Station Latitud abs 

le 
D. I 19°20’ N 
s Potosi 22°09'N 
n 25°32’N 
oros 25°52’N 
19°12’N 
20) yN 
PaO N 
i i 0°40" N 
24°0O'N 
" 2°30'N 
1 Jua 2PR°3R'N 


Sampling 


atlor 
ers 
sea 
2,268 
877 
0 
1) 


[he sampling procedure involves drawing 


TaB_e 6.—GROSS BETA ACTIVITY Ol 


Mont! Station of Mas Mir 
€ [éxico : » SS ) 
San Luis I 7 ‘7 0 
t t \I x ) t sS () 
San L 3] 1 ) 
México 
U San | P SS 
y’- 
i MMi x S n 
e San Luis Potos 29 
lar Léxig 7 
San Luis I 0 7 
Méxu 10 i ( { 
he San Luis Pot ) ] ( 0.9 
Méx 17 0.4 
San Luis Potosi 9 13.64 0.9 
Torreén 12 l 1) ” 
Verac 5 15.08 1. 3 
ra La Pa 7.41 1.95 
Méx ( 9.81 4.90 
San I s Potosi 12 12 .26 +f 
rreon 12 11.25 3.51 
Vera ¥ SS +.40 
La Pa ; 5.95 2.14 
\capul t 6.37 2.41 
Tijuana 12 8 O68 0.72 
S lash indicates no data received. 
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air 24 hours a day, 3 or 4 days a week, at the 
rate of approximately 1,200 cubic meters per 
day through a 6” x 8” high-efficiency glass fiber 
filter, using high volume samplers. After each 
24-hour period the filter is removed and air- 
mailed to the “Laboratorio de Desechos Radi- 
activos,’” CNEN, in Mexico City for assay of 
gross beta activity. After collection, a mini- 
mum of 3 or 4 days is allowed for decay of 
radon and thoron daughters. Data are not 
extrapolated to time of collection. 

The maximum, minimum, and average fis- 
sion product beta concentrations in surface air 
from October 1961 to September 1962 are 
presented in table 6. 
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THE 80th MERIDIAN (WEST) 
SAMPLING PROGRAM 
October 1962 


U.S. Naval Research Laboratory 


Radioactivity measurements of surface air 
samples collected at various sites (see figure 5) 
near the 80th Meridian (West) have been made 
since 1956 by the U.S. Naval Research Lab- 
oratory (NRL),* with the cooperation of in- 
terested agencies of the United States, Canada, 
Ecuador, Peru, Bolivia, and Chile, which col- 
lect the samples and forward them to NRL 
for analysis. Partial financial support of this 
program is provided by the Division of Biology 
and Medicine, U.S. Atomic Energy Commis- 
sion. 

The sampling procedure involves drawing 
air continuously for a 7-day period at a rate of 
approximately 1200 cubic meters 
through an 8-inch diameter, high-efficiency 
filter, using a positive-displacement blower. 
After the 7-day period, the filter is removed 
and forwarded to NRL for assay of gross beta 
activity. A minimum of 2 weeks after collec- 
tion is allowed for decay of short-lived radio- 


per day 


Editor’s note: Effective January 1, 1963, adminis- 
tration of the 80th Meridian (West) Sampling Program 
was turned over to the Health and Safety Laboratory, 
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FIGURE 5.—ATMOSPHERIC RADIOACTIVITY SAM- 
PLING STATIONS NEAR THE 80TH MERID- 
IAN (WEST) 
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Division of Biology and Medicine, AEC, by the U.S. ; 7 . 
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TABLE 7. 


FISSION PRODUCT GROSS BETA ACTIVITY 


IN SURFACE AIR, 80TH MERIDIAN 


WEST), 


OCTOBER 


s n Punta P San Antols ( cal I a ( 
period \renas M ue gasta, ava Peru 
Oo be Chile ( l ( Chile Bolivia I 

l 0.139 0.145 0.398 0.868 0.630 0.828 

) 

} 

5 0.054 0.099 0.280 0.353 0.949 0.792 
r 

7 

x 

u 
10 

. be 0 0 7 0.7 

& 

) 4 ).07 » ) > 0 

{?} 

0 
Q 
® 
st 
7 = ve 
0 
{ } 
w n ived 


1962 * 


1.22 0.077 0.868 0.260 


yO) SS 7 


\irborne Fission Products Along the 80th Meridian (West) During 1961 


i 
A 


B. Lockhart, Jr., R. L. Patterson, Jr. 
W. Saunders, Jr., and R. W. Black’ 


The cooperative 80th Meridian (West) Air 
mpling Program, conducted since its incep- 


ion in 1956 under the direction of the U.S. 


ival Research Laboratory,? was designed to 
ovide a means of studying the effect of lati- 
le on the distribution of fission products in 

atmosphere, to obtain information on the 
echanism and rate of mixing of fission debris 
a north-south direction and particularly 
Dr. Lockhart is Head of the Physical Chemistry 


anch, and Mr. Patterson is Head and Messrs. 
unders and Black are staff members of the Radio- 


emistry Section, Physical Chemistry Branch, U.S. 


ival Research Laboratory, Washington, D.C. 

Partial financial support of this program has been 
vided by the Fallout Studies Branch, Division of 
Jlogy and Medicine, U.S. Atomic Energy Commission. 


bruary 1963 


across the equator, and to serve as a reference 
line to which the various independent measure- 
ments of fission product concentrations could 
be related. An important and time-consuming 
phase of this work involved the radiochemical 
analysis of the collected samples whose gross 
beta measurements are regularly reported in 
this journal. 


Experimental Procedure 
/ 


The procedure employed at each site involved 
the collection of airborne particulate matter 
by drawing ground-level air through highly 
efficient cellulose-asbestos filters 8 inches in 
diameter at the rate of about 1200 cubic meters 


71 





eo 





ee 





eee 











i be 
l \ 
J 
{> 
M f ( ida ] 
ele mete Mar 
Ma | 
) \ 
Se Overt 
\\ 1). Jan-—Fe 
ele it mn & \I \ 
" \ J 
Les ; ‘ 
~ Oct 
N Le 
Miat Jan-Feb 
ele n4 eve Ma Ay 
Ma J 
] \ 
<? Oct 
N Lye 
M llawa Jan-—Fet 
F 4 te Ma Api 
May-J 
“i Oct 
N le 
M a! Jar bet 
Pat inal Zone Ma \ 
elevat LO mete Ma J 
Au 
se Oct 
N Le 
( i 1a Jan-let 
ele n7 eve Nar Apr 
Ma J 
Jul-A 
se 0 
Nov-De 
Lima, ! l Jan-Feb 
ele I M Ay 
M Jur 
J \ 
“ Oct 
( t B Jan-Feb 
221 \I \} 
Va J 
) Au 
™ {) 
N Le 
Ant ( Jan-Feb 
‘ t 19 ete Ma Ar 
Na J 
) \ 
se 8) 
1) 
Santia ( ¢ Jan 
ele 520 é \la \r 
May 
J Au 
Sep—Or 
N Le 
Pus Montt, Cl Jan—Fe « 
f mete Ma \y 
Ma J n 
Jul—A 
™ () 
N De 
Punta Arenas, ¢ ¢ Jan-Feb 
elt ator rhe Mar-—A 
May-Jun 
Aug—se 
Let 
Nov-Dec 
®* Counting error 2 percent (¢ 
week per station later one 7-day collec 
ng error in range of 2-10 percent (¢ 
grouping samples for analysis 
72 


RADIOCHEMICAL 
SOTH 


unless otherwise indi 





ANALYSES OF BIMONTHLY COMPOSITE AIR-FILTER COLLECTIONS, 


MERIDIAN 


WEST 


\ ‘ 
{ aS { ¢ 
; {)} th» ° 
; ‘) rai) . 
1) ()7 ° 
} 0.032 . 
s 0 

ys ) 7 ; 

, 0.050 . 

2 0.10 Hs 

5 0.090 ° 

‘ 0 Ot ° 

54 H5 0.7388 

q 74 0.598 

) 0.063 . 

60 0.004 . 

‘ 0.14 ” 

»& 0.072 ° 

t} > SS 1 .O8Y 

yf t . bf 0.742 

61 0 . ORF ° 

60 0.16 . 

62 0.10 . 

77 0 O38 ° 

63 2 25 0.761 

5 6.7 1.90 

if) 0.050 - 

60 0.11 . 

63 0.12 ° 

59 0.058 ° 

53 0.60 0.114 

ft +.95 0.918 

Ae) O.1¢ 0.0090 

60 0.063 © 1.0055 

63 0.050 ° 

54 0.014 - 

63 0.032 © 0.0048 

55 1.23 0.217 

; 0.022 0.0027 

) 0.022 ° 

; 0.018 ’ 

mw 0.009 ° 

( C.O14 0.0001 

62 0.058 0.0144 

1 0.018 . 

60 0.014 ° 

63 0.027 ° 

2 0.027 . 

61 0.032 . 

4 0.027 0 0030 

7 0.022 ’ 

54 0.027 - 

, 0.027 ° 

t 0.050 . 

(2 0.045 0 OO19 
63 0.068 0.0072 
0.054 ¥ 

{) 0 .O5t - 

{) 0 .Ust 7 

52 0.032 ° 
0 O8F 0.0037 
0.072 0.0057 

OF 0.058 . 

l 0 .O3¢ - 
0.032 ° 

} 0.045 0.0004 

54 0.018 ° 

; 0.018 ” 

} 0.018 . 

17 0.018 - 

0 0.014 . 
0.014 - 
0.014 - 
0.009 . 

7 0.009 ' 0.0004 


tion pe 


' Indi 


ated 
week. © * indicate 


ates counting error 


Irrégul: 
Ss activity 


>10 per 


SAMPLING 


PROGRAM, 


> y Ce 
. 0.0067 
’ ’ 0 .OOUt 
° ° 0 .OO37 
) 0.16 0.048 
{) >t () Sst {) 44 
* . 0 OO418 
. . 0.0094 
. . 0.0127 
. . 0.0064 
0. 2¢ 0) u 0.04949 
0.317 0.49 0.192 
. ° 0.0067 
° ° 0.0108 
. . 0.0176 
. . 0.0070 
0.437 0 52 0.125 
0.590 0.81 0.297 
° . 0.0091 
. . 0.0195 
° ° 0.0141 
° ° 0.00430 
0.307 0 5 0 .O8S01 
0.819 . 2 0.459 
° . 0.0055 
- ° 0.0184 
. . 0.0143 
° ° 0.0075 
0.050 0.054 0.0158 
0.630 0.909 0.301 
0.0046 0.004 0.0055 
* . 0.0050 
. ° 0 .OOSSY 
. . 0.00084 
0.0022 0.0036 0.00074 
0.115 0.190 0.057 
0.0001 . 0.00127 
° ° 0.00106 
° . 0.00112 
. ° 0.00045 
. ° 0.00090 
0.0104 0.0130 0.0064 
. ° 0.00189 
° ” 0 .001LO8 
° . 0.00233 
° ° 0.00256 
° . 0.00449 
0.002 0.0038 0.00301 
* * 0.00131 
. . 0.00171 
. ws 0.00164 
. ° 0.0051 
* 0.0009 0 .O0OSB43 
0.0053 © 0 .OO68 0 .OO4St 
° ” 0.00638 
° . 0.00428 
. ° 0.00359 
° " 0 .OO4f 
. . 0.0059 
0.0040 0.0059 0.0071 
° 0 .OO89 
° ° 0 OOS0H 
. 0.0010 0.00437 
0 .QOOS 0 .OO07 0.00409 
° ° 0.00209 
° ° 0.00227 
0.0007 ° 0 .VOZSS 
° . 0.00220 
. ° 0.00182 
° ° 0.00121 
a . 0.00130 
° ° 0.00098 
0.0004 ° 0.00084 


arities in numbers 


too low for meas 


cent (¢ 


result 
ireme i 


nt 


from varying 


1961] 


HE 


0.0063 
0.0321 


0.0078 
0.0195 
0.0141 
0.0057 
0.0178 


0.0050 
0.0142 
0.0128 
0.0085 
0.0057 


0.00429 
0.0057 
0.00411 
0.00100 
0.00032 
0.0220 


0.00220 
0.00103 
0.00104 
0.00057 
0.00121 
0.00321 


0.00151 
0.00089 
0.00202 
0.002458 
0.0054 
0.00241 


0 .OOLOS 
0.00169 
0.00153 
0.0058 
0.00393 
0.00293 


0.0053 
0.00410 
0.00356 
0.0050 
0.0063 
0.0071 


OUOSU 


00247 


0.0063 
0.0055 


0.002 Lt 
7¢ 


0.0027 
0.00353 


0.00193 
0.00191 
0.00106 
0.00151 
0.00150 
0.00112 


Insufficient 





sampling 


“sy 
0.00220 
U UUASS 


0 .OO1LDSS 
0.00140 
0.0092 
0.00132 
0 .O0O305 
0.0047 


0.00248 
0.0058 
0.004354 
0.00159 
0 .O0OS304 
0.0124 


0.00173 
0.00444 
0.0050 
0.00270 
0.00145 
0.0076 


0 .0013¢ 
0.00156 
0.00125 
0.00031 
0.00018 
0.00158 


0.00038 
0.00036 
0.00039 
0.00021 

0.00045 
0.00108 


0.00070 
0.00044 
0.00094 
0.00112 
0.00234 
0.00112 


0.00044 
0.00068 
0 OOOG8 
0.002 1¢ 


0 .OOL6S 
0.00124 


0.00228 
0.00157 
0.00140 
0 .OOLS6 
0 00254 


0.00266 


0.00319 


0 .OOLSS 
0.00222 


0.00097 
0.00117 
0.00157 


0.00083 
0.00080 
0.00049 
0 .QO0063 
0.00060 
0.00050 


' 
samples received 


Radiological Health D: 


VUSY4U 
0074 
0.0064 


0.00277 


0.00204 


0.0119 


OO2Z09 
0062 
0074 
0050 
OOSt 
0.0093 


00377 
0070 
O.OLLS 
0050 


U0 .UU00Y 





0.0090 
0.0053 
0.00274 
0.0130 


0.00238 
0.00249 
0.00228 
0 .0OO49 
0.00042 
0.00173 


0.00086 
0.00091 

0.00072 
0.00043 
0.00094 
0.00238 


0.00129 
0 .O0OO87 
0.00093 
0 .OO170 
0.00832 
1) tn) “WU 
0.00102 
0.00148 
0.00152 
0.00408 
0.00310 
0.00232 
0.00344 
0.00335 
0.00275 
0.00333 
0.00513 
0.00481 


0.0065 


0.00199 


00409 
00452 


0.00140 
0.00132 
0.00239 


0.00167 
0.00156 
0.00094 
0.00119 
0.00118 
0.00101 


schedules; initially 3 sample 
indicates no analytical results reported. © C 


£No samples received a Error ma 








BLE 








‘ 
. M 
) { 
7 

4 

1) 








iflores 


BLE 2.—SELECTED 


Station 


Greenland 


onee, Canada 


ngton, D.C 


Florida 


ina Loa, Hawaii 


aquil, Ecuador 


1, Peru 


Boliv 1a 


altaya 


fagasta, Chile 


ago, Chile 


$ Montt, Chile 


a Arenas, Chile 


Value uncertain 
No samples received. 


nsufficient samples receiv 


aa) 


ruary 1963 


Panama Canal Zone 


error exceeds 


} 


RADIONUCLIDE 


Sampli 


1961 sampled 


Jan-Feb 59 
Mar-Apr 59 
May-Jun 63 
Jul-Aug 59 
Sep-Oct 63 


Nov-Dec 58 


Jan 5 
Mar 32 
May-Jun 56 


Jul-Aug 6 


Sep-Oct 59 
Nov—De« 59 
Jan-Feb 59 
Mar-Apr 60 
May-Jun 63 
Jul-Aug 58 
Sep-Oct 63 


Nov-Dec 56 


Mar-Apr 60 


Jul-Aug 59 
Sep-Oct 63 


Jan—Feb 3 
Mar-Apr 59 
May-Jun 33 
Jul-Aug 56 
sep—Oct 63 


sep—Oct 61 
Nov-Dec 64 
Jan-Feb D1 
Mar—Ay 54 
May-Jun 51 
Jul-Aug 63 
sep—Orct 62 
Ne De 63 
Jan Feb } 

Ma Apr 60 
May-—Jur 60 
il Ane 5 

~T ( 


ACTIVITY 


RATIOS, 


SOTH 


) 
U 


0) 


i) 
) 


MERIDIAN 


t 


SAMPLING 


«joj -] 


PROGRAM, 1961 
‘ = 

) t) t) 
; t).t? 
t) th ti) 
0.1 0.0 
0. 81.4 
} ( t 1} 
0 ) 0.0 
t) 1) 
{ j 0.0 
) s 0 
» ™ ) ‘ 

() (4 ~ 
t) ; t) «) 
0) 7 0.0 
0.10 0.0 
0.14 0.0 

0 OOb2 120 
0.0017 87.9 
0.10 0.0 
0 O8 0.0 
0.10 0.0 
0.18 0.0 

0.0020 1Ol 
0 OOD 65.0 
0.14 0.0 
0.074 0.0 
0.090 0.0 
0.14 0.0 
0) OO84 4.4 

0.0005 84 
0.021 1 
0 O95 0.0 
0 7 0.0 
0.25 0.0 
) OF 12.0 
0 OO 72.7 
0.45 0.2 
0.94 0.0 
0.45 0.0 
‘) he! t) ¢) 
) {) t) 
0.18 ».7 
) } 0.0 
‘} ) {) t) 
) {) t) 
0 0.0 
0 0.0 
1) Us 2 1 
0 7 0.0 
0 0.0 
0.4 0.0 
t)} t) ; 
) ’ t) 
ra 1 9 
of 

’ t) 
( ~ 0 0 

0 
0 

) 

0 ) 

) 
{ 

~ 
rye) 
io 








per day. Sampling was conducted on a weekly 
basis during most of 1961 with filters changed 
every Monday after 7 days exposure. These 
filters were returned to NRL by air for assay 
for gross beta activity and subsequently for 
radiochemical analysis. 

Radiochemical analyses were performed bi- 
monthly on samples from each site (except San 
Juan) for the following radioisotopes: Sr*’, 
Sr®, Y*1, Cs!37, Cel#1, Ce!#4, Pm'** and Pb?". 
After dissolution of the sample and addition of 
carrier elements, classical chemical separation 
schemes were employed followed by elaborate 
radiochemical purification procedures (1). 
Counting of beta activity was done with halo- 
gen-filled or flow-type Geiger counters which 
had been standardized against calibrated 
samples of the same size and weight having 
known disintegration rates of radioisotopes of 
various beta (maximum) energies. Decay and 
absorption measurements were made as occa- 
sion demanded. 

The results of the radiochemical analyses 
are presented in table 1 in units of micromicro- 
curies per cubic meter of standard air. Some 
of the activity ratios of current interest appear 
in table 2 (2). All radioactivity results except 
for the gross beta measurements have been 
corrected for decay to the midpoint of the col- 
lection period, 

Gross Fission Products in the Air 

The gross beta activity of the individual 
samples and the monthly profiles of radioactiv- 
ity vs. latitude along the 80th Meridian have 
been reported in previous issues of Radiological 
Health Data. Some of these data have been 
replotted in figure 1 to show the progressive 
changes that have occurred in the gross fission 
product concentrations in the air at Washing- 
ton, D.C., Miami, Fla., and Antofagasta, Chile 
during the period 1959-1961. The increases 
in activity during the spring season are evident 
at the two Northern Hemisphere sites but are 
less obvious at Antofagasta. The 1961 U.S.S.R. 
tests caused a hundred-fold increase in radio- 
activity at Washington and Miami, with ac- 
tivity levels at these two sites approximating 
those observed following the fall 1958 series of 
high yield nuclear tests in the U.S.S.R. 

The only effect of the French nuclear testing 
program at the above sites was an increase in 
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FIGURE 1.—PROGRESSIVE CHANGES IN THE CON.- 
CENTRATION OF GROSS FISSION PRODUCTS 
IN THE AIR AT WASHINGTON, MIAMI AND 
ANTOFAGASTA, 1959-1961 


activity at Miami in March 1960 following 
the first test in the Sahara Desert on February 
13, 1960. None of the other tests there pro- 
duced any identifiable change in the gross beta 
activity at these three sites, although activity 
from the test of December 27, 1960 was de- 
tected for a short time at Miraflores, Panama 
Canal Zone and San Juan, Puerto Rico in Jan- 
uary 1961. 


Strontium—90 in the Air at Ground Level 


The strontium—90 concentrations in the air 
of the Northern Hemisphere were generally 
lower in 1961 (prior to the 1961 U.S.S.R. tests) 
than in the previous year but the rate of de- 
crease during the period 1960 to 1961 was 
significantly lower than during 1959 to 1960. 
The changes in the strontium—90 concentra- 
tions that have occurred at four sites in the 
North Temperate Zone during the period Jan- 
uary 1959 through February 1962 are shown 
in figure 2. The spring maxima in straio- 
spheric deposition are evident in each of tne 
years 1959, 1960 and 1961 with relatively lit le 
difference indicated between the latter t.vo 
years. The great increase in the strontium- 0 
concentration following resumption of nucle ir 
testing by the U.S.S.R. in September 1961 is 
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debris was injected directly into the strato- 
sphere. 

The strontium—90 concentrations at Antofa- 
gasta and Punta Arenas, Chile (see figure 3) 
show a gradual increase during the period 1960 
through 1961 with definite indications of 
spring maxima in activity at Antofagasta. The 
peak-to-trough ratio is not as great there as 
at the Northern Hemisphere sites; at Punta 
Arenas there appears to be a more random 
fluctuation of activity with time. 


Lead—210 in the Air 

Lead—210, a natural radioactive isotope re- 
sulting from decay of radon in the air, has 
been measured in air filter collections during 
the past several years. Large month-to-month 
variations have been observed as well as a 
definite latitude dependence of lead—210 con- 


centration which resembles that of strontium- 
90. During the year September 1960 to Augus 
1961, the lead—210 content of air was generall; 
much higher than its strontium—90 content a 
all sites, as indicated in the strontium—90 an 
lead—210 profiles shown in figure 4. 


Activity Ratios 

Under certain conditions the relative con 
centrations of radioisotopes can be used t 
determine the age of debris appearing at th 
different sites; generally, due to the mixing o’ 
debris from various sources, this “apparent’ 
age is often of limited usefulness in identifying 
the source. This is a real problem in the bi 
monthly collections particularly when more 0: 
less coherent clouds of radioactivity are pass 
ing rather rapidly over the collecting sites 


The variations in the relative concentrations 
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Figure 5.—RATIOS OF CERIUM-144 TO STRONTIUM-90 ACTIVITY AT VARIOUS SITES 
DURING THE PERIOD 1959-1961 
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f individual radioisotopes, however, can in- 
licate whether the sources of debris at the 
lifferent sites are the same or different. 


An example of the changes in isotope ratios 
vith time is given in figure 5, where the Ce'** 
sr®’ activity ratios for a number of sites are 
shown for the period 1959-1961. The apparent 
iting of the debris in the Northern Hemi- 
sphere during 1959-1960 is due to the more 
rapid deposition of the younger debris. In 
ontrast, the apparent decrease in age during 
he period 1960-1961 in both hemispheres must 
due to the influx from the stratosphere of 
lebris younger than the average. Since this 
‘hange is effective in both hemispheres it must 
ve due to debris introduced high into the strat- 
osphere over the tropics, presumably from the 
“Teak” and “Orange” shots of the U.S. Hard- 
tack series. The abrupt change occurring in 
late 1961 at the Northern Hemisphere sites is, 
of course, due to the fall 1961 series of high 
vield tests in the U.S.S.R. 

In most respects the cesium—137 activity 
concentrations parallel those of the strontium— 
90 concentrations but are about 1.9 times as 
high. Variations in the cesium—137 concentra- 
tions relative to strontium—90 and to that of 
other activities at a few sites indicate that 
fractionation of cesium—137 has occurred either 
in nature or in the sampling and analytical 
process. The Ce'*+/Pm'*? concentrations show 
a progressive change with time that suggests 
generally uniform mixing of these isotopes 
prior to the time of influx of fresh debris from 
the 1961 U.S.S.R. tests. Promethium—147 is 
not as useful as cerium—144 in such measure- 
ments, however, because of the larger errors 
nherent in measuring the low energy beta ac- 
tivity emitted by promethium—147. 

Following the resumption of large scale test- 
ng by the U.S.S.R. in September 1961, such 
sotopes as Ce'*', Sr*® and Y*!, which had been 
ibsent from collections for many months, ap- 
peared in quantity at the Northern Hemisphere 
sites. The ratios of these isotopes to each 
ther and to longer lived isotopes indicated the 
youthfulness of the debris; however, due to the 
length of the collections reported here and 
the close spacing of the nuclear tests, no as- 
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signment of debris to particular tests is war- 
ranted. 

An indication of the relative quantities of 
fresh and old debris appearing at the various 
sites during November—December 1961 is given 
in figure 6, where the latitudinal profiles of 
cerium—141 (33.1-day half-life), strontium—&89 
(50.5-day half-life), and strontium—90 (27.7 
year half-life) concentrations along the 80th 
Meridian are shown. The highest concentra- 
tions of cerium—141 and strontium—89 in the 
Southern Hemisphere were at Guayaquil and 
in the neighborhood of Chacaltaya and Anto- 
fagasta, where they were less than 1 percent 
of those observed at similar latitudes in the 
north. Similar results were obtained from col- 
lections made in early 1962. Transequatorial 
mixing to this extent is not unexpected since 
a similar transfer of debris from the first 
French test in the Sahara at 27° north latitude 
to the Southern Hemisphere has been ob- 
served (3). 

Summary 

Prior to September 1961 the fission product 
content of the tropospheric air in the Northern 
Hemisphere continued at a decreasing rate the 
downward trend observed since 1959, with 
well-defined seasonal increases associated with 
the spring maximum in transport of debris 
from the stratospheric reservoir. In the South- 
ern Hemisphere, seasonal variations were not 
so pronounced and a trend toward increas- 
ing air concentrations of long-lived fission 
products was observed. There were sugges- 
tions from changes in certain activity ratios 
that debris from the high altitude shots of 
1958 was appearing in both hemispheres. 

The resumption of nuclear testing by the 
U.S.S.R. in September 1961 caused an immedi- 
ate hundredfold increase in the gross beta 
activity in the Northern Hemisphere; the in- 
crease in strontium—90 was more gradual and 
reached a maximum in early 1962, where its 
concentration was about ten times that of the 
previous year. Use of the shorter-lived fission 
products as tracers indicated a small but meas- 
urable transfer of activity to the Southern 
Hemisphere with a large gradient in activity 
near the equator. 
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STRONTIUM-90 IN THE AIR AT GROUND LEVEL ALONG THE 80TH MERIDIAN (WEST) DURIN« 
THE PERIOD NOVEMBER-DECEMBER 1961 


REFERENCES Saunders, Jr., and R. W. Black: Fission Produ 
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Stable Strontium in Tri-City Diets* 
‘ebruary—July 1961 


oseph Rivera 


Health and Safety Laboratory, U.S. Atomic Ene rgy Commission 


One facet of the program of investigation at 
the Health and Safety Laboratory on the pas- 
sage of strontium—90 through food chains to 
man has been the determination of the con- 
centrations of stable strontium present in the 
various components of the food chain and in 
man’s skeleton. To obtain part of this informa- 
tion, three sets of ashed foods, consisting of 


Data from Quarterly Summary Report, HASL-131, 
October 1, 1962. 


TABLE 1.—STABLE STR‘ 
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19 samples each from the Health and Safety 
Laboratory’s Tri-City Diet Studies (7), were 
analyzed for stable strontium to estimate the 
yearly intake of this element by residents of 
New York City, Chicago, and San Francisco. 
The results of the analyses and the estimate of 
annual dietary intake are presented in table 1. 
In general, the greatest contributions 
strontium to the diet 
fresh fruit. 


were from milk and 
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Most of the analyses were done by emission 


spectroscopy by a commercial laboratory. The 
average difference between a large number of 
blind duplicate samples analyzed by this lab- 
oratory was ~ 5 percent. Many of the samples 
were also analyzed by other laboratories using 
different methods (flame photometry and neu- 
tron activation analysis). All results agreed 
to within 10 percent except for a few isolated 
CaSeS. 

Assuming an average annual calcium intake 
of 383 grams (2) and using the data in table 1, 
the ratio of stable strontium to calcium in the 
average diet is found to be 1.5 mg Sr/g Ca, 2.3 
mg Sr/g Ca, and 3.4 mg Sr/g Ca in New York 
City, Chicago, and San Francisco diets, respec- 
tively. These results may be compared with 
the estimates of 1.3 mg Sr/g Ca for diets in 
the United Kingdom (3), 1.3 mg Sr/g Ca for 
diets in Canada (4), and 1.2 mg Sr/g Ca for a 
typical Danish diet (5). 

The Danish study showed that there was a 
seasonal variation in the dietary intake of 
stable strontium of a factor of two between the 
spring and autumn, the intake during the 
spring being greater. Preliminary measure- 
ments at this laboratory show considerable var- 
iability in the stable strontium content of 
some foods purchased at different times. In 
view of these findings, the estimates of stable 
strontium intake in the three cities presented 
here should be taken as provisional since more 
measurements of samples collected throughout 
the vear will have to be made before a true 
yearly average intake can be computed. 

If the dietary intake of stable strontium in 
New York City does differ from that in San 
Francisco by about a factor of two, as it now 
appears, then one would expect stable stron- 
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tium levels in bone samples obtained from de 
ceased residents of these cities to also diffe: 
by a factor of two. Measurements of stabl 
strontium in human bone samples from thes: 
cities are now being made, in addition to th: 
analyses of foods, to see if this is the cass 
The data will also be used to calculate th 
ratio Sr/Ca in diet to Sr/Ca in bone (Observe: 
Ratio) and to see if this Observed Ratio varie 
with the total dietary strontium intake. 


Previous coverage in Radiological Health Data: 
Period Issue 


Third sampling (October 
1960—January 1961) 
Fourth sampling 
(February—April 1961) 
Fifth sampling 
(May-July 1961) 
Sixth sampling 
(August—October 1961) 
Seventh sampling (November 
1961—February 1962) 
August—October 1961 
(stable strontium 
and strontium—90 ) 
November 1961—February 
1962 (strontium—90) 


October 1961 
December 1961 
March 1962 
June 1962 


September 1962 


November 1962 
January 1963 


REFERENCES 


(1) Harley, J. H., and J. Rivera: Tri-City Diet Study, 


Summary of Available Data on the Strontinm-—9 
Content of Foods and of Total Diets in the Unite 


States, HASL—90:15-—20, Office of Technical Services, 


Department of Commerce, Washington 25, D.t 
(August 18, 1960), price $1.50. 

(2) U.S. Atomic Energy Commission: Strontium—90 i 
U.S. Diets, 1960, Fallout Program Quarterly Sun 
mary Report, HASL-—113:85, Office of Technica 


Services, Department of Commerce, Washington 25, 


D.C. (July 1, 1961), price $2.50. 
(3) Agricultural Research Council Radiobiological Lab 


oratory: Strontium—90 in Human Diet in the United 


Kingdom 1958, Report No. 1, Her Majesty’s Sta 
tionery Office, London (1958). 

(4) Grummitt, W. E.: Strontium and Barium in Bon 
and Diet, Radioactive Fallout from Nuclear Weapon 
Tests, TI1D-7632:376—-80, Office of Technical Services 
Department of Commerce, Washington 25, D.<( 
(1962), price $5.75. 


(5) Aarkrog, A., et al.: Environmental Radioactivity 


in Denmark, Riso Report No. 41, (June 1961). 


Radiological Health Dat: 











Cesium—137 and Strontium—90 in Foods 
1960-1962 


Division of Pharmacology, Food and Drug Administration 


As a part of a continuing program for sur- 
veillance of foodstuffs by the Food and Drug 
Administration (FDA), cesium—137 analyses 
ire performed on about 10 percent of all sam- 
ples analyzed for strontium—90. Details of the 
verall program have previously been described 
(1). The unashed samples are split, with one- 
1alf being assayed in the Washington, D.C. 
aboratory for cesium—137 and one-half being 
issayed in the respective FDA District labora- 
tory for strontium—90. 


Cesium—137 Analysis 


The sample splits to be analyzed for cesium— 
137 are chopped up or slurried without ashing 
or further chemical preparation and placed in 
a 3.7-liter Marinelli beaker. The beaker with 
its slurried contents is placed directly over a 
3x 3-inch sodium iodide crystal and counted 
for 1000 minutes with a 400-channel (0-2 
Mev) gamma spectrometer previously cali- 
brated with a cesium-—137 standard. By inte- 
grating the number of counts in the peak 
characteristic of cesium-137 (0.66 Mev), and 
subtracting for background and the _ influ- 
ence of adjacent peaks, the concentration of 
cesium-—137 in the sample can be determined. 


Strontium—90 Analysis 


The sample splits to be analyzed for stron- 
tium—90 are ashed at 550-600° C and dissolved 
in hydrochloric acid. Calcium and strontium 
are precipitated as oxalates and separated with 
‘concentrated nitric acid. Radium is removed 
with barium chromate, and the lanthanides are 
removed with yttrium hydroxide. Strontium— 
90 is then determined by isolation of the 
yttrium-—90 daughter product at secular equi- 
ibrium. The direct measurement of stron- 
ium—90 with correction for ingrowth of 
yvttrium—90 is not used since it does not dif- 
ferentiate between strontium—90 and_ stron- 
tium—89, which are part of the fresh fallout in 
he environment following nuclear weapons 
testing. 
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Results 

The results of 182 analyses for cesium—137 
and, where available, the corresponding stron- 
tium—90 results are presented in table 1. Also 
included is the ratio of cesium—137 to stron- 
tium—90 to the nearest whole number. Because 
of the relatively small number of samples for 
individual food items, it is not possible to 
draw any inferences regarding geographical 
and temporal relationships. The effect of proc- 
essing on the cesium-137 and strontium—90 
content of vegetables is shown in table 2. 
Again, the number of samples is small. Table 
3 presents the distribution of cesium—137 and 
strontium—90 in plant parts. 


Discussion 

Generally, the cesium—137 concentration in 
foods is higher than the strontium—90 concen- 
tration. The only exception is cassia (cinna- 
mon bark). Also, there is a rough correlation 
of cesium—137 with strontium—90, i.e. in some 
products when the strontium—90 content is 
high, the cesium—137 content is high. However, 
it should be noted that this correlation is at 
best approximate and that exceptions appear 
upon closer scrutiny. The cesium—137—stron- 
tium—90 ratio can be observed to vary widely. 

Among the vegetables, the green leafy va- 
rieties contain more cesium—137 than other 
products. The strontium—90 content of these 
same varieties is also high. 

Corn contains the lowest cesium—137 and 
strontium—90 concentrations among all grains 
analyzed. Barley, rice, and rye contain the 
highest concentrations of cesium—137, and 
wheat contains the highest strontium—90 con- 
centrations. 

Among the beverage products, tea leaves 
contain the most cesium—137 and strontium— 
90.* Cacao beans contain about the same 


* FDA studies indicate an extraction factor of 0.2 
for strontium—90 in tea. Two grams of tea (the usual 
amount used in brewing a cup), containing the maxi- 
mum nuclide content in table 1, would yield 0.4 pe of 
strontium—90 per cup of liquid tea. At present, studies 
are under way to determine the extraction factor for 
cesium-—137 in tea. 
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TABLE 1. 


Number 
of 
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dried 
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pe kg 
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3990 
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TABLE | 


CESIT 


Variety 


S. afoods 
‘lams__-- 
‘rabmeat 
Haddock - — 
Sardines 
Shrimp 
Tuna (canned 
verage products 


iCtao beans . 


Be 
srazil nuts 
Peanuts - - 
Pecans 
Walnuts 

Snices 
Cassia 


Cardamom 

( ‘loves 

H ps dried 
Mustard seed _- 


Chyme leaves 


* Calculated to the nearest wh umber 
Blank indicates no variances 
Dash indicates no strontium 


ND indicates cesium-137 not detectable 
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average 
range ___- 
Strontium-90 (pe/kg 
average 
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TasLe 3.—DISTRIBUTION OF CESIUM-1 





37 AND STRONTIUM-90 IN PLANT PARTS ble 





ao cnieninnaiaeciaiaiessaemnicainiittiaess — 1 { 
igh 
Cesium-137 Strontium—90 
| he 
: cl i “Wet 5 1e | 
Product Number Number t; 
Average tange of Average tange of i 
pe/kg pe/kg samples pe/kg pe/kg samples on 
: “ samen lier ds gt 
\pples 
core a ss > 0 .s- 14 
flesh _ - 0 0.1-— 2.6 
peel 1.4 0 .6- 5.5 
Beans, lima 
beans ; 154 119-149 2 8.5 0.6- 28 
pods - - 52 16-— 57 2 44 3.7-172 
Corn 
kernel 83 72- 90 3 0.9 0.3- 1.4 
meal - 73 35-105 3 2.0 0.0-— 6.0 Z 
Kiggs 
shells 1170 ] 390 
substance 5 ] 1.5 
Rice 
paddy 329 l 2.0 
milled 22 ] 0.2 
Wheat 
berry 115 SO-—150 2 25 3.3- 58 
bran. 369 273-465 2 64 9 .6—-136 24 
flour 15 3l-— 59 y 5.3 0.6-— 24 Z 
® Dash indicates cesium—137 analysis was not done. 


amounts of cesium—137 and strontium—90 as 
coffee beans. 

Brazil nuts contain the most cesium—137 and 
strontium—90 of all the nuts analyzed. The one 
sample of walnuts contained the least concen- 
trations of both radionuclides. 

Of the spices analyzed, thyme leaves are 
highest in cesium—137, followed by cloves and 
cassia. Cassia contains the most strontium—90, 
followed by thyme leaves. The spice products 
contribute very little to the radionuclide intake 
in the total diet. 

Table 2 shows in a limited respect the effect 
of processing on the cesium—137 and stron- 
tium—90 content of two vegetables items. In 
both cases the steps in processing reduce the 
radionuclide content by over 20 percent. 

Table 3 shows the distribution of cesium—137 
and strontium—90 in plant parts. Cesium—137 
analyses are not available for apples. In all 
cases, except lima bean pods, the cesium—137 
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concentration is higher than the strontium—90 
concentration in the same plant part. It can 
be theorized that while the cesium—137 in th« 
pods is a result of direct deposition of fallout, 
the cesium—137 in the bean resulted from trans- 
location. It is important to note that the bean 
has a high potassium content, as does most 
seed tissue. Cesium—137 follows the metabolic 
pathways of potassium. 

Of interest is the observation that the dis- 
tribution of cesium—137 between eggshells a1 
egg substance is similar to the distribution of 
strontium—90 between eggshells and egg sub- 
stance. In each case, the concentration of n 
clide in the shell is much greater than that 
the substance. 


Summary 


The results of analyses for cesium—137 in 
number of food items are presented with aval’ 
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le strontium—90 analyses on the same sample. 
1 general, the cesium-137 concentration is 
igher than the strontium—90 concentration. 
he effect of washing and other procedures in 
1e preparation of the canned or frozen product 
tabulated. The distribution of cesium—137 
plant parts follows the same general rela- 
onship as strontium—90 except in those tissues 
gh in potassium. 
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Recent coverage in 


Period 
1960 and 1962 
1961 
1960-1962 
1960—1962 


1959-1961 (Baby Food) 


1960-1962 


REFERENCE 


Radiological Health Data 


Issue 


May 1962 


J ine 1962 


September 1962 


No en he? 1Qof? 
Dece hi he) 1962 


(1) Food and Drug Administration: Survey of Rad 
activity in Food, Radiological Health Dati 176 


(December 1962). 
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SECTION 


Milk Surveillance 


Milk has been the single food item most 
often used as an indicator of the population’s 
intake of radionuclides from the environment. 
This is because milk is a basic constituent of 
the diet of the U.S. population and contains 
most of the radionuclides identified as being 
biologically important. In addition, milk is pro- 
duced and consumed on a regular basis, is 
convenient to handle, is easily analyzed, and 
samples which are representative of milk con- 
sumption in any area can be readily obtained. 

It should be remembered that milk is only 
one of many dietary sources of radionuclide in- 


take. 


PASTEURIZED MILK NETWORK 
October 1962 


Division of Radiological Health and 
Division of Environmental Engineering and 
Food Protection, Public Health Service 


In 1957, the PHS began analyzing raw milk 
to determine relationships between dairy prac- 
tices and radionuclide levels in milk. However, 
it became evident that the milk actually con- 
sumed by the population should be included in 
a broader sampling program. In 1960, the pas- 
teurized milk network was initiated to provide 
data representative of the milk consumed in 
selected municipalities. Both raw and pas- 
teurized milk sampling data were reported 
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concurrently until June 1961 to permit con 
limited, milkshed sampling results and thos 
exhibited in pasteurized milk monitoring 
Since June 1961, raw milk sampling has beer 


carried out for investigative rather than moni- 


toring purposes. 


During October 1962, pasteurized milk su 
| 


veillance was conducted at 62 Pasteurized Milk 


Network stations with the cooperation of Stat 
and local milk sanitation agencies which hay 
been shipping samples to the PHS Southwest 
ern, Southeastern, and Northeastern Radiolog 
cal Health Laboratories for analysis. Publica 
tion in Radiological Health Data follows 3 t 


1 months after sample collection because o! 
the time required for shipment, processing, 
radioanalysis of strontium, data compilation, 
and publication procedures. Data from gamma 
Stat 


analyses (iodine-131) are available to 
public health officials and the Federal Radi: 
> 


tion Council within 3 
lection for possible countermeasure purpose: 


Sampling and Compositing Procedures 

The current program emphasizes (1) mea 
urement of the concentrations of radioactivit 
in samples of pasteurized milk consumed by tl 
public in various regions of the country, an 
(2) provision of at least one sampling poi 
within virtually all States and additional point 
when indicated by widely varying conditions « 


the milk supply or when needed in order t& 


narison of the differences between the earlier, 


a 


days after sample col- 
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cover large population groups. Each sample 
i. composited from subsamples collected from 
eich plant in proportion to the relative vol- 
nes of milk sold. The objective of this sam- 
ing program is to reflect about 90 percent 

‘each city’s milk supply. Prior to September 
15, 1961, the composite sample was taken from 
one day’s sales per month and was as repre- 

ntative of a community’s total supply as 
could be achieved under practical conditions. 
Since the resumption of nuclear weapons test- 
ing, the sampling frequency has been increased. 
During October 1962, most stations were sam- 
pled twice a week. All surveillance data are 
subject to continuing review and evaluation to 
observe unusual patterns or concentrations 
which may require immediate attention. Fur- 
ther atmospheric nuclear testing may require 
re-evaluation and adjustment of the sampling 
frequency and analytical schedule for this pro- 
gram. 

lodine—131, cesium—137, and barium—140 are 
determined by gamma scintillation spectros- 
copy,! while strontium—89 and strontium—90 
are determined following radiochemical sepa- 
ration. The minimum detectable concentrations 
in units of uuc/liter are: Sr*®, 5; Sr®, 1; DP, 
10; Cs'**, 5; and Ba, 10. 

Table 1 presents summaries of all available 
analyses for October 1962. When a radionu- 
clide is reported by a laboratory as being below 
the minimum detectable concentration, one- 
half of this value is used in calculating the 
monthly average. A similar procedure is used 
for the network average. 


Discussion of the Data 


The iodine—131 October 1962 monthly aver- 
age concentration contour map (figure 1) is 
similar to the September contour map appear- 
ing in the January issue. Most of the country 
reported monthly averages of between 10 and 
'00 puc/liter. Values of 90 to 140 wuc/liter 
vere observed in the Great Lakes region. 
*almer, Alaska, had the highest October av- 
‘rage of 270 uyc/liter while the network av- 
rage was 61 uuc/liter. 

The monthly average strontium—89 concen- 
rations in milk for October 1962 (figure 2) in- 


1 Southeastern Radiological Health Laboratory em- 
loys a radiochemical procedure for barium-—140 analy- 
sis. 
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FIGURE 1.—IODINE-131 CONCENTRATIONS 
IN PASTEURIZED MILK 


creased from the previous month at a number 
of stations. The network average for the 
month was 56 puc/liter. Monthly average con- 
centrations slightly greater than 100 uuc/liter 
were noted in Minnesota, Iowa, and in the 
northwestern corner of the United States. 
Phoenix, Arizona, which very seldom shows 
monthly average strontium—89 concentrations 
greater than 20 uuc/liter, reported 50 uuc/liter 
for October. Palmer, Alaska reported 150 
uuc /liter—the highest average for the month. 
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FIGURE 2.—STRONTIUM-89 CONCENTRATIONS 
IN PASTEURIZED MILK 


The October 1962 monthly average stron- 
tium—90 concentration contour map (figure 3) 
appeared to be similar to the map for the pre- 
vious month. The network average rose from 
12 to 16 puc/liter during October. The South- 
west had concentrations below 10 uyc/liter 
while several northern States west of the Mis- 
sissippi River reported values over 20 uuc/liter. 
Other areas reporting values greater than 20 
uuc/liter were the lower Mississippi Valley re- 
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gion and the inland areas of the Atlantic se 
board States. A station high of 29 yuc/lit 
was noted in Seattle, Washington. 


Selected Monthly Strontium—90 Profiles 


In previous issues of RHD, the avera; 
monthly strontium—90 concentrations in pa 
teurized milk from selected cities in the mor 
toring program were published. Profiles for : 
additional 15 cities are presented in figure 
These graphs show the strontium—90 conce 
trations in milk from selected cities in tl} 
United States Department of Agriculture ma 
keting regions of the United States. 
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TABLE 


Calcium 
£ liter 


Sampling locations 


Third 


quarter 

a: Montgomery 1.22 
aska: Palmer 1.08 
Phoenix 1.08 

k: Little Rock 1.2] 
lif: Sacramento 1.11 
San Francisco 1.13 
Denver 1.11 


nn Hartford 
Wilmington 

( Washington 
Tampa 
Atlanta 


iwa Honolulu 
al oO Idaho Falls 


hicago 
1 Indianapolis 


wa: Des Moines 10 
ans: Wichita 12 
Louisville 1.19 
New Orleans 1.22 
Line Portland 1.15 
i Baltir t 1.16 
uss: Be mn 1.12 
De I it i 1O 
Grand Rapid 1.15 

nn: Minneapolis 1.10 
l Jackson 1.26 
I Kansas City 1.07 
St. Louis 1.08 


ynit Helena l 
Nebr: Omaha l 
.eV Las Vegas l 
N.H: Manchester l.is 
J: Trenton l 
Mex: Albuquerque l 


‘.Y: Buffalo 1.10 
New York 1.08 
Syracuse 1.1] 

C: Charlotte et 
D: Minot Bebl 


10: Cincinnati 
Cleveland 
kla: Oklahoma City 
Portland 
Philadelphia 
Pittsburgh 


R: San Juan 1.19 
I: Providence 1.11 
C: Charleston : 
D: Rapid City 1 .Of 
enn: Chattanooga 1.25 
Memphis 1.22 

ex: Austin 1.16 
Dallas 1.18 

tah: Salt Lake City 1.10 
t: Burlington 1.10 
a: Norfolk 1.20 


ash: Seattle l 
Spokane l 

V. Va: Charleston. 1.16 

Vis: Milwaukee... l 

Vyo: Laramie l 


‘etwork average 1.14 
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CALIFORNIA MILK NETWORK 
1960—June 1962 


State of California, Department of 
Public Health 


Surveillance of the concentrations of specific 
radionuclides in milk is one phase of Cali- 
fornia’s Department of Public Health program 
of radiation control, which started in 1960. 
Milk monitoring has been conducted by the 
Department’s Bureau of Radiological Health, 
a constituent of the Division of Environmental 
Sanitation. 

The surveillance program involves. the 
weekly sampling of milk from 11 major milk- 
sheds (see figure 5). Originally, radioanalysis 
was performed for potassium—40, cesium—137, 
and strontium—90. More recently, interest has 
shifted to strontium—89, strontium—90, and io- 
dine-—131 and milk is now being analyzed for 
these three radionuclides only. 





FicurE 5.—CALIFORNIA MILKSHEDS 


Results and Discussion 


Table 2 summarizes the radioanalysis of milk 
from the 11 milksheds during the 1960-1961 


90 


period for potassium—40, cesium—137, an 
strontium-90. Table 3 presents strontium-8 
and strontium—90 results for the same milk 
sheds for the first six months of 1962. | 
should be noted that the units used in table 
are uuc/g calcium. Comparisons of data bi 


tween the two tables may be made using th 


approximate equivalent value of 1.1 gram « 
calcium per liter of milk. No iodine—131 dat 
are given but occasional samples have ind 
cated that only trace amounts of this radi: 
nuclide have been observed during this perio 

Del Norte and Humboldt Counties have pr: 
duced milk with relatively high (> 100 vue 
calcium) strontium-—89 concentrations con 
pared to the other areas. 

Del Norte County milk has the highest stro1 
tium—90 content of milk sampled in the Stats 
The average for the first six months of 1962 i 
26 uuc/liter. However, both these levels ar 
well below those requiring protective action. 

Milk from other California milksheds has 
exhibited much lower concentrations of stror 
tium—90. Correlations made from data not 
reported here show that the level of contamina- 
tion decreases generally as the total rainfal! 
for the area decreases. Thus, as expected, the 
dryer southern part of the State has had less 
strontium—90 in milk. 


Instrumentation and Methodology 


Radioanalyses of the milk samples are car- 
ried out in the Sanitation and Radiation 
Laboratory. Counting of radiostrontium in 
chemically prepared samples is done in an auto- 
matic low-background anticoincidence counter 
(Background counting rate is less than 1.5 
counts per minute.) This system includes 
hemispherical gas-flow (90 percent methan 
and 10 percent argon) Geiger-Mueller detector 
surrounded by a guard (anticoincidence) de 
tector, about 600 pounds of steel shielding, a1 
automatic sample changer, two sealers, and : 
printing-timer. The detector window thicknes: 
is 0.15 mg/cm?. Counter efficiencies of 40 an 
35 percent are realized for strontium—89 an 
strontium—90, respectively. The maximum ca 
pacity, using 60-minute counting times, i 
about 120 determinations in a normal week. 

Three separate 256-channel analyzers ar‘ 
used for gamma pulse-height analysis. Fo. 
this analysis, the 2” x 2” sodium iodide crysta 
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TABLE 3. 


Strontium—S8Y 
puc/g Calcium) 





Jan Feb Mar Apr 

\ i 5.9 7 .€ 51.8 +) 
, N 2 07 sO 
| ) 1.5 By 16.9 
HH t 154 165 Z1¢ 11] 
I \r 6.4 t.8 12.2 10.8 
\I n I RQ ¢ 7 7 
~ ‘ 1 7.5 8.3 > 3 t.6 
San D 7.4 ».0 20.9 9 9 
San Cla ».9 ) 17.0 18.5 
Sha 8 10.4 25.5 52.0 

" " 15.¢ 19.0 75.9 55.1 

\ blank space indicates that no specific determination was made. 
is coupled to a 2-inch pyrex 10-stage photo- 
multiplier tube and mounted within a commer- 
cial lead pig. 

The 3”x3” sodium iodide crystal is also 


coupled to a pyrex 10-stage photomultiplier 
tube housed in a 2-inch lead pig, which is 
shielded by 4-inch lead bricks. The high volt- 
age power supply is a battery pack for voltage 
stability and interference elimination. 

The 4” x 4” sodium iodide crystal is optically 


coupled to a quartz 11-stage 3-inch photomul- 
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STRONTIUM-89 AND STRONTIUM-90 IN CALIFORNIA MILK, FIRST HALF 1962 


Strontium—¥U 


puc/g Calcium 

May Jun Jan Feb Mar Apr May 
16.2 18 1.7 2 2.9 2.7 0 
27 .1 80 .7 16.8 0.9 1.7 
13.9 12.0 1.3 l 1.2 2.4 2.6 
65.8 27 .2 7.5 8.5 11.8 8.3 9.1 
9.5 10.8 - l 1.9 Fi 2.1 
5 15.7 1.3 ».0 5.3 
28 .1 19.6 2.1 1.6 1.5 i t.1 
12.3 11.1 1.5 1.1 1.6 3 2.2 
19.3 13.2 hee 1.4 2.2 2.4 5] 

13.7 29.0 2.3 2.1 3.5 1.0 ‘ 
7 4 20.5 2.2 5.2 ».o ».8 »>.4 


tiplier tube. This crystal has a resolution o 
percent for a cesium—137 source. The detector 
unit is housed in a 6-ton steel chamber which 
provides 6 inches of steel, % inch of lead, 
1. inch of cadmium, and .¢ inch of copper 
shielding. The layer of high-Z lead reduces 
backscatter from the steel, and the successive 
lower-Z cadmium and copper reduce, in tur: 
the 75-Kev lead flourescence X-rays. In wh 
milk samples, the counting efficiency for iodine- 
131 is 4.0 percent. 
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[ DIANA MILK NETWORK 
0 tober—November 1962 


Breau of Environmental Sanitation 
I, liana State Board of Health 


[In September 1961, the Indiana State Board 
{ Health initiated a program of milk sampling 
for radiological analyses. Indiana was geo- 
graphically divided into five major milksheds, 
and one large dairy within each milkshed was 
se ected as a sampling station (see figure 6). 

[he milk samples are routinely analyzed for 
iodine-131, cesium—137, barium-lanthanum— 
140, strontium—89, and strontium—90. Anal- 
yses for iodine—131, cesium—137, and barium- 
lanthanum-140 are conducted on a _ weekly 
basis except when iodine—131 results exceed 
100 puc/liter, at which time the frequency of 
sampling is increased. Samples which are an- 
alyzed for strontium—90 are composited weekly 
and analyzed monthly. 

The trichloroacetic acid analytical proce- 
dure (1) is used for strontium—89 and stron- 
tium—90 analyses. A 512-channel pulse height 
analyzer and shielded 4” x 4” sodium iodide 
crystal are used for the gamma scintillation 
analysis of iodine—131, cesium—137, and bari- 
um-lanthanum-140. 
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Ficure 6.—INDIANA MILK SAMPLING LOCATIONS 


The monthly averages of the data obtained 
for the individual sampling stations and the 
State averages are reported in table 4. The 
State average is an arithmetic average of the 
station values. 


REFERENCE 


(1) Robert A. Taft Sanitary Engineering Center, 
Public Health Service: Radionuclide Analysis of 
Environmental Samples, Technical Report, R59-6 
(1959). 
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RADIONUCLIDES IN CANADIAN MILK 
Third Quarter 1962 


Radiation Protection Division, 
Department of National Health and Welfare, 
Ottawa, Canada 


Both dried milk products (skim milk and 
buttermilk powder) and liquid whole milk are 
currently being sampled by the Department 
of National Health and Welfare. 


Dried Milk Products 


Samples are collected through the coopera- 
tion of the Marketing Division of the Canadian 
Department of Agriculture, whose dairy prod- 
ucts inspectors pick up four 1-pound samples 
of dried milk from each station (see figure 7) 
on a monthly schedule. 
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FIGURE 7.—CANADIAN DRIED MILK 
SAMPLING STATIONS 


is followed for sample 
Because of uncertainties introduced 
by this method of sampling, the significance of 
differences station-to-station and 
month-to-month results is not precisely known. 
However, it is possible to consider all results 
for a given period of time as being sufficiently 
random in selection to show any national trend 
when average values for such periods and all 
stations are plotted, as in figures 8, 9 and 10. 
[It should be emphasized that average concen- 
trations over a considerable period of time are 
more meaningful from the public health point 


No statistical plan 
collection. 


between 
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of view than fluctuating monthly concent) :- 
tions. 
A detailed discussion of the sampling a 
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FIGURE 8.—AVERAGE STRONTIUM-90 CONCE 
TRATIONS IN CANADIAN DRIED MILK POWD 
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FIGURE 9.—AVERAGE STRONTIUM-89 CONCEN 
TRATIONS IN CANADIAN DRIED MILK POWDER 
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FIGURE 10.—AVERAGE CESIUM-137 CONCENTRA 
TIONS IN CANADIAN DRIED MILK POWDER 
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TABLE 5B. 


strontium—S¥ 
ME Ca 
Stat 1 
July \ 

90 0 l 
. 165.0 17.1 
nee i] 126.0 Q7 .O 
nton 136.2 R20 
al 74.4 95.4 
ix 104 .2 171 , 
anta 107 .6 RO 9 
I 99 .7 106.8 
63.38 1.2 

85.0 1] 

n 236.9 12 
116.3 62.9 
‘ 54.1 17.3 
I 61.8 17.9 
176.5 99.5 
105 .7 it 4 
75.8 19.1 
110.5 83.9 

41 x h ! ilk pow lers 


liochemical procedures employed may be 

ind in the Department’s publication (1). 
Table 5 presents the results of measurements 
of strontium—89, strontium—90 and cesium—137 

Canadian dried milk powder for the third 

arter of 1962. These data were taken from 

‘Monthly Report, Radioactive Fallout in 
Canada,” dated October-November 1962, pub- 
lished by the Radiation Protection Division of 
the Department of National Health and Wel- 
fare. 

The average strontium—90 concentrations in 
milk remained approximately constant at about 
26 vue g calcium during the third quarter of 
1962. The Canadian average for the twelve- 
month period from October 1961 through Sep- 
tember 1962 was 13.9 uuc Sr*”/g calcium, 
and the record high of 26.5 uuc Sr®”/g calcium 
occurred in July 1962. 

The average strontium—89 concentration in 
milk increased markedly during the second 
quarter 1962, and have fluctuated during the 
third quarter. 

For an approximate method to compare the 
Canadian powdered milk data in units of puc/g 
calcium to other milk data in units of yuc/liter, 
ii can be assumed that milk has approximately 
12 g calcium/liter of liquid milk. Canadian 
powdered milk data may be compared to liquid 
nilk data by multiplying the former values by 
1.2. 

The average cesium—137 concentrations in 
cried milk rose from 20.3 uuc/g potassium in 
é.pril to 125.0 puc/g potassium in July and 
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RADIONUCLIDES IN CANADIAN DRIED MILK POWDER, 1962 
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then declined to 83.8 uue 
tember.* 


g¢ potassium in Sep- 


Whole Milk 


Recently, monitoring of liquid whole milk 
for iodine-131 was begun. The presence of 
iodine—131 in milk is closely dependent on the 
continuance of nuclear testing programs be- 
cause of the short half-life (8 days) of iodine 
131. Iodine levels will decrease quick] in the 
absence of such testing. lIodine—131 levels in 
milk are also expected to fall rapidly when 
dairy cows are taken off pasture for the winter. 

Table 6 presents the average monthly con- 
centration of iodine—131 in liquid whole milk 


‘BLE 6.—IODINE-131 IN CANADIAN LIQUID 
WHOLE MILK, 1962 
> Mi ’ , 

Halifa 0) } ~ ; 
London 0 
Ottawa f - 
Sault S NI ) 
Winn 8 0 
Van ; ) 
\ 4 R ) re g 


for seven cities for May through September 
1962. The average rose sharply from 8.4 vue 
liter in August to 138 pyc/liter in September. 

It should be emphasized again that the in- 


* April data taken from January 1963 Radiological 
Health Data. 
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terpretation of fallout data in relation to health 
is a complex problem. In comparing the values 


of the concentration levels in a particular 
medium with the so-called Maximum Permis- 
sible Concentrations (MPC), as established by 
the International Commission on Radiological 
Protection (2), it is necessary to keep in mind 
that the MPC values refer to conditions of 
continuous exposure over a lifetime. There- 
fore, the average levels over an extended pe- 
riod, such as one year, represent a better basis 
for comparison than do individual levels at 
any specific time. 


Previous coverage in Radiological Health Data: 
Period 
Third quarter 1961 
Fourth quarter 1961 
First quarter 1962 
Second quarter 1962 


Issue 


May 1962 
September 1962 
October 1962 
January 1963 


REFERENCES 


(7) Radiation Protection Division, Department 
National Health and Welfare, Ottawa, Canada: 
Preliminary Report on the Measurements of Ra 
active Strontium in Canadian Milk Powder Sam; 
CNHW (RP-1) (July 1958). 

(2) Recommendations of the International Commis: 
on Radiological Protection: Report of Committee IJ 
on Permissible Dose for Internal Radiation, Pe 
mon Press, New York, (1959). 


Twelve-Month Sum of Daily Radionuclide 
Content of One Liter of Pasteurized Milk 


December 1961—November 1962: Iodine—131 


November 1961—October 1962: Strontium—89 and Strontium—90 


Division of Radiological Health, Public Health Service 


The guidance of the Federal Radiation Coun- 
cil is given in terms of ranges of transient rates 
of intake of radioactive materials in micromi- 
crocuries per day. These ranges are based on 
radiation doses considered acceptable for life- 
time exposure from normal peacetime atomic 
industry operations. The Council recommends 
the use of a time period of one year as an ap- 
propriate interval for averaging exposures and 
has recently emphasized that the annual ac- 
ceptable exposure dose is not a “danger point” 
which, if exceeded, requires protective meas- 
ures (1, 2, 3). 

Tables 1 and 2 below furnish a means towards 
estimating the contribution of milk to the total 
dietary intake of iodine—131, strontium—89, and 
strontium—90 and facilitate comparison of the 
concentrations of certain radionuclides in milk 
with the FRC’s Radiation Protection Guides. 
The tables are based on the same data which 
are used for computing the Pasteurized Milk 
Network monthly averages. They present in- 
dex values which are the estimated sum of the 
daily amounts of a radionuclide in one liter of 
milk for a 12-month period. 

The tables show 12-month index values for 
each of the Network’s 62 sampling locations. 
Due to the longer time required for strontium— 
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89 and strontium—90 analysis, these 12-month 
index values are for the year beginning one 
month earlier than the year for the iodine—131 
values. The columns of monthly index values 
in each table are used to compute the net 
change as the yearly index values are advanced 
by one month. The following column shows 
this new 12-month index value. In addition, 
the first column in table 1 gives the iodine—-131 
November concentration averages. 

The data in tables 1 and 2 are calculated as 
follows: (a) results from all samples collecte 
in each week (Sunday through Saturday) 
are averazed, (b) the weekly averages for : 
weeks ending within a given month are av- 
eraged and an average for the month is ob- 
tained, and (c) the monthly radionuclide index 
value is determined by multiplying the averave 
for the month by the number of days in t 
month. The number of days in the month wi!! 
be either 28 or 35, corresponding to the com- 
plete calendar weeks used for any month. Pro- 
cedures exemplified by (a) and (b) above mi 
imize the effect of any one day’s sample resu! 
on the average for the month, particularly for 
a short-lived radionuclide such as iodine—131 
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For a number of reasons it is desirable ‘9 


have a standard quantity of milk to use in tl 
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“ABLE 1. 


TWELVE-MONTH SUM OF 


Sampling locations 


Montgomery 
Palmer 
Phoenix 
Little Rock 
sacramento 
San Francisco 


Denver 
Hartford 
Wilmington 
Washington 
Tampa 
Atlanta 


Honolulu 
Idaho Falls 
Chicago 
Indianapolis 
Des Moines 
Wichita 


Louisville 
New Orleans 
Portland 
Baltimore 
Boston 


Detroit 
Grand Rapids 
Minneapolis 
Jackson 
Kansas City 
St. Louis 


Helena 
Omaha 

Las Vegas > 
Manchester 
Trenton 
Albuquerque 


Buffalo 
New York 
Syracuse 
Charlotte 
Minot 


Cincinnati 
Cleveland 
Oklahoma City 
Portland 
Philadelphia 
Pittsburgh 


San Juan 
Providence 
Charleston 
tapid City ® 
Chattanooga 


Memphis 





Salt Lake City 
Burlington 


Norfolk 


Seattle 
Spokane 
Charleston 





e data in this 
ted from an index 
er consideration 

mple 


Dash 


table 


value in this table by 


are index values, not to be 


12-month I index X milk consumption factor 
puc day /liter liter/day/ person 
Station began operation in July 1962 
indicates no data available 
No sample was received for November 1962 
Station began operation in January 1962 
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1961 
t 1962 
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8 370 
6.3600 
§. 650 
5, 220 
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22 ,620 
21,540 
7,820 
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12.600 
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17 ,620 
6.020 
28 . 840 
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13,300 
17,510 
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5,830 
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2 500 
13,500 
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7 50 
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rar lay /lite 

1961 Oct Sep 30. 1962 N 
1962 1961 Oct 27. 1962 Oct 
+ 507 217 s+ 
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1.8290 U3 >t 
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», U2t 
1,809 124 224 
2,594 245 64 
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(evelopment of index values for the different 
idionuclides. In the case of strontium, 1 liter 
; a suitable quantity as this amount of milk 
ipplies approximately 1 gram of calcium, the 

;mount used by the Federal Radiation Council 
1 deriving the intake guidance for strontium. 
n the case of iodine—131, the critical age group 
; the young infant. Available information 
uggests that the average milk consumption 
f infants in the 6-18 month group is not more 

than 1 liter per day. Thus the index value 
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based on 1 liter of milk, though not directly 
an average intake value, is probably the most 
useful index for estimating total intake. 


REFERENCES 

(1) Chadwick, Donald R., and Conrad P. Straub: Con- 
siderations in Establishing Radiation Protection 
Standards for Radioactivity in the Environment, 
Radiological Health Data, 3:159-65 (May 1962). 

(2) Federal Radiation Council: Background Material 
for the Development of Radiation Protection Stand- 
ards, Report No. 2, Superintendent of Documents, 
U.S. Government Printing Office (September 1961), 
price 2" cents. 

(8) Public Health Service: Special Report, Radiologi- 
cal Health Lata, 8:ii—iii (September 1962). 
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SECTION 


Radioactivity in Raw Surface Waters 


NATIONAL WATER QUALITY NETWORK 
August 1962 


Division of Water Supply and Pollution Contre 


The National Water Quality Network was in- 
itiated in October 1957. (1). This network, op- 
erated by the Public Health Service in coopera- 
tion with State and local agencies, consisted of 
123 stations as of the end of August (figure 1). 


FicurE 1.—NATIONAL WATER QUALITY NET- 
WORK SAMPLING STATIONS, AUGUST 1962 


These stations are located on the major water- 
ways used for public water supplies, propa- 
gation of fish and wildlife, and recreational, 
agricultural, and industrial purposes. Samples 
are taken weekly, monthly, or continuously, de- 
pending on the type of analysis and the water 
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quality. These samples are analyzed for plank- 
ton population, organic chemicals, chemical, 
biological, and physical quality, and radioac- 
tivity (2, 3). 

The radioactivity associated with dissolved 
solids provides a rough measure of the levels 
which may be found in treated water, since 
nearly all of the suspended matter is removed 
by treatment processes (4). It has been ob- 
served that in water the natural environmenta! 
beta activity is usually several times that of 
the natural environmental alpha activity. Nu- 
clear installations may contribute additional 
alpha or beta activity whereas fallout contrib- 
utes primarily additional beta activity. Gross 
alpha and beta measurements are made on both 
suspended and dissolved solids (strontium—90 
on the total solids only) in raw surface water 
samples according to established procedures 
(5, 6). Because strontium—90 analyses are 
done quarterly, the results will be published 
on this basis. 

For the first two years, beta determinations 
were made on weekly samples, and alpha de- 
terminations were generally made on compos- 
ites of more than one weekly sample. From 
January 1960 to September 1961, alpha and 
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TABLE 1. 


eny River Pittsburg! Pa 
mas River: Cedar Hill, N. Mex 
ila cola | er: Chattahoochie, Fla 


Ponca City, Okla 
Pendleton Ferry, Ark 
ar River: Preston, Idaho 


shorn River: Hardin, Mont 


Sioux River: Sioux Falls, S. Dak 
ittahoochie Rive 

Atlanta, Ga 
Columt Ga 


Lanett, Ala 
Fairbanks, Alaska 


ena Sloug 


RADIOACTIVITY 


IN 


RAW 


SURFACI] 


Average concentrations ir 


r 
ear Water River: East Lewiston, Idaho 


linch River: Kingston, Tenn 
jlorado River 

Loma, Colo 

Page, Ariz 

Boulder City, Nev 
Parker Dam, Calif.—Ariz 
Yuma, Ariz 

lumbia River 

Nortt port Wash 
Wenate nee, Was! 

Pasco, Wash 

McNary Dam, Ore 
Bonneville, Ore 
Clatskanie, Ore 
mnecticut River 


Enfield Dam, Conn 

unberland River: Clarksville, Tenn 
lelaware River 

Martins Creek, Pa 

Trenton, N.J 

Philadelphia, Pa 

scambia River: Century, Fla 
reat Lakes 

Duluth, Minn 

Sault Ste. Marie, Mic! 
Milwaukee, Wis 

Gary, Ind 

Port Huron, Mich 

Detroit, Mich 

Buffalo, N.Y 

rreen River. Dutch John, Utah 
fudson River: Poughkeepsie, N.Y 
linois River 

Peoria, Ill 

Grafton, Ill 

anawha River: Winfield Dam, W. Va 
‘\lamath River: Keno, Ore 

ttle Miami River: Cincinnati, O 


lississippi River 
St. Paul, Minn 
Dubuque, lowa 
surlington, low 

St. Louis, Ill 





New Orleans, La 
Vicksburg, Miss 
Missouri River 
Williston, N. Dak 
Bismarck, N. Dak 
Yankton, 8S. Dak 


St. Joseph, Mo 


North Platte River: Henry, Nebr 
no Ris eT 

Addison, Ohio 

Huntington, W. Va 

Cincinnati, Ohio 

Louisville, Ky 

Evansville, Ind 

Cairo, Ill 
Ouachita River: Bastrop, La 
Pend Oreille River: Albeni Falls Dam, 
Platte River: Plattsmouth, Nebr 
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AUGUST 1962 
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RADIOACTIVITY IN RAW SURFACE WATERS, AUGUST 1962—Continued 
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bata determinations were generally made once 
a month on weekly composited samples. Be- 
g nning in September 1961, alpha determina- 
tons have been made on one sample each 
n onth, and beta determinations have generally 


been made on weekly samples. For the first 
o.erating year of each new station, sampling, 
aid alpha and beta analysis are done weekly. 

If at any time activity significantly greater 
tian the normal environmental levels has been 
noted, the rate of sampling and analysis has 
been increased to at least one every week. 
Since January 1959, a portion of each sample 
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“ANNOUNCED ATMOSPHERIC TESTS 


FicguRE 2.—MEDIAN TOTAL BETA RADIOACTIV- 
ITY IN U.S. RAW SURFACE WATER 


North Carolina Cistern Water 
June and August 1962 


Sanitary Engineering Division 
North Carolina State Board of Health 


Investigations of radioactivity in North 
Carolina public surface water supplies have 
leen underway since June 1958 (1). Origi- 
nally, these studies were confined to surface 
‘vater supplies, but during 1962 they were ex- 
‘ended to include several small cistern water 
upplies utilized for drinking water on islands 
ituated along the eastern seaboard. 

The cistern supplies are characteristically 
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from all stations in the network has been com- 
posited into a three-month station sample for 
measurement of strontium—90 (7). Strontium— 
90 data will be presented quarterly. 

Table 1 presents the results of the alpha and 
beta analyses on raw surface water in the 
United States for August 1962. Figure 2 shows 
the median of the quarterly averages of each 
station of beta activity found in suspended 
plus dissolved solids of raw surface water for 
the years 1958 through 1961. 


REFERENCES 


(1) Public Health Service: National Water Quality 
Control Network, Fallout From Nuclear Weapons 
Tests, 1:167-9, Hearings before the Special Sub- 
committee on Radiation of the Joint Committee on 
Atomic Energy, Superintendent of Documents, U.S. 
Government Printing Office, Washington 25, D.C. 
(May 1959), price $2.75. 

(2) Division of Water Supply and Pollution Control, 
Public Health Service: National Water Quality Net- 
work Annual Compilation of Data, PHS Publication 
No. 663, 1960 Edition, Superintendent of Documents, 
U.S. Government Printing Office, Washington 25 
D.C. 

8) Setter, L. R., and S. L. Baker: Radioactivity of 
Surface Waters in the United States, Radiological 
Health Data, 1:20-31 (October 1960). 

,) Straub, C. P.: Significance of Radioactivity Data, 
Journal of the American Water Works As 
53:704 (June 1961). 

5) Setter, L. R., J. E. Regnier, and E. A. Diephaus: 
Radioactivity of Surface Waters in the United 
States, Journal of the American Water Works Asso- 
ciation, 51:1377 (November 1959). 

(6) Robert A. Taft Sanitary Engineering Center, 
Public Health Service: Radionuclide Analysis of 
Environmental Samples, Technical Report, R59-6 

(1959). 

(7) Straub, C. P., L. R. Setter, A. Goldin, and P. F. 
Hallbach: Strontium—90 in Surface Wate. n the 
US., Journal of the Ame rican Water Wi rks Associa 
tion, 52:756 (June 1960). 


’ 


a. 


ociation, 


constructed with roof pre-wash valves which 
permit the diversion of the first runoff and then 
allow the balance of the rainwater to pass into 
the cistern. 

First available results from the cistern water 
sampling, begun in June 1962, have been re- 
ceived for ten cistern supplies on Ocracoke 
Island, which lies approximately 20 miles off 
the mainland (figure 3). Radioanalyses of the 
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samples are performed at the State Laboratory 
in Raleigh. A one liter sample is collected and 
the total solids content is analyzed for gross 
radioactivity (alpha plus beta). 
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FIGURE 3.—EASTERN NORTH CAROLINA, SHOW- 
ING LOCATION OF OCRACOKE ISLAND 
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TaBLe 2.—GROSS RADIOACTIVITY IN CISTERN 
WATER AT OCRACOKE ISLAND, NORTH CAROLIN 


pec / lite 
Ivy; f supply June 20, 1962 \ st 29, 19 
Private sidence i 
Private residence 105 , 
Privat siden 71 
Privat siden 63 
Publ l 57 25 
Put &3 
Hotel 75 
Hotel 98 
Pub! ark 83 , 
Coa (juar ~ n 90 l 


While the concentrations of strontium—9) 
and alpha emitters are not reported, son 
comparison may be drawn between the values 
shown in table 2 and drinking water standards 
for interstate carriers (2). These standards 
state that in the absence of strontium—90 and 
alpha emitters, a water supply is acceptable 
when the gross beta activity does not exceed 
1000 uuc/liter. 


REFERENCES 


(1) Sanitary Engineering Division, North Carolina 
State Board of Health: Background Radioactivity 
Surface Water Supplies of North Carolina, 1955 
1961. 

(2) Federal Register Rules and Regulations: Title 4 
Public Health Chapter 1-—Public Health Servic 
Department of Health, Education, and Welfar 


Part 72, Interstate Quarantine, Subpart J, Drinking 
Water Standards, 27 :2154—5, Superintendent of Docu- 
ments, Government Printing Office, Washington 25, 


D.C. (March 6, 1962). 
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SECTION V.—OTHER DATA 


Cesium—137 and Strontium—90 in Animal Feeds 


1959-1962 


Division of Pharmacology, Food and Drug Administration 


Recognizing the importance of animal feeds 
in the food chain, the Food and Drug Adminis- 
tration (FDA) regularly samples and analyzes 
these products for cesium—137 and strontium— 
90, using the same procedures previously dis- 
cussed for the FDA human food sampling pro- 
gram (1). The results of FDA determinations 
of the cesium-137 and strontium—90 contents 
of some selected animal feeds, arranged by 
year of harvest, are presented in table 1. It 
should be noted that the number of samples 
analyzed for cesium—137 is small, and that the 
number of samples analyzed for strontium—90 
is small for some products. 

From the table an approximate correlation 
between cesium—137 and strontium—90 is noted, 
n that the cesium—137 concentration is higher 
than the strontium-—90 concentration in all 
samples. 


Alfalfa 


The cesium—137 data are too few for proper 
analysis, but the high values in 1962 are of 
interest. It can be observed that the strontium— 
90 content of alfalfa, however, decreased from 
1959 to 1960, and then increased in 1961 and 
1962. Samples harvested before resumption of 
nuclear weapons testing in September 1961 
are from different parts of the country than 
those harvested after the resumption of nuclear 
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weapons testing in late 1961 and in 1962; 
therefore, the 1961 and 1962 values cannot be 
directly compared with each other. 


Beet Pulp 


Some slight increase in strontium—90 con- 
tent from 1960 to 1961 is noted. 


Corn Silage 


The limited cesium-—137 values show a de- 
crease from 1960 to 1961, while the strontium 
90 values decreased from 1959 to 1961. The 
one value for 1962 is inconclusive. 


Cottonseed 


or 


The cesium—137 values show very little in 
the way of a definite trend, aithough a differ- 
ence in values may be noted. Cottonseed meal 
increased in strontium—90 content from 1959 
to 1961, while the values for cottonseed hulls 
show little definite trend. 


Lespedeza 

The strontium—90 values show a decrease 
from 1959 through 1960 and into 1961, with 
an apparent increase from 1961 to 1962. 
Peanut Hay 


Little difference in strontium—90 values for 
1960 through 1962 can be seen. 
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TaBLeE 1.—GEOGRAPHICAL DISTRIBUTION OF CESIUM-137 
SELECTED ANIMAL FEEDS 


Product Number 
of 


sample s 


Alfalfa 


1959 
1960_. 
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TaBLe 1.—GEOGRAPHICAL DISTRIBUTION OF CESIUM-137 AND STRONTIUM-90 IN 
SELECTED ANIMAL FEEDS—Continued 


Cesium-—137 


Strontium—90 


Product 
Number Number 
of | Average tange of Average Range 
samples pe/kg pe/kg samples pe/kg pe/kg 
yybean 
RE er ren eee ree eee F. ] 27 
Ii ibssr'asdh cc lacsb dtl dain anrarsle an iillasinabendeiadeeedieade l ND | 1 17 
akc is sx disp ecnboAb ed ab ial cigs a eee 2 1] 5 57 
I ] 500 | 
limothy hay | 
Su staisiakadianeiishcassh aia takia daa adsigdhtuaiatinitit | 4 | 113 555-1170 











*N.D. indicates cesium-137 not detectable. 


Sorghum 


An apparent increase from 1959 and 1960 
is seen in the 1962 strontium—90 values. Of 
interest is the single high cesium—137 value for 
1962. 


Summary 


Limited cesium-—137 concentrations in ani- 
mal feeds are presented, together with more 
extensive values for strontium—90 concentra- 
tions. The cesium-—137 values are higher than 
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the strontium—90 values in all cases. The hays 
and leafy animal feeds continue to show in- 
creased radionuclide content over animal fod- 
ders. 


Previous coverage in Radiological Health Data: 
Period Issue 
1960 De cen he Y 196] 
REFERENCE 
(1) Food and Drug Administration: Survey of Radio- 


activity in Food, Radiological Health Data, 3:476-81 
(December 1962). 
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Air and Water Monitoring Near the Project Chariot Site 
January—August 1962 


Atomic Energy Commission 


In May 1959 the U.S. Atomic Energy Com- 
mission approved a program of environmental] 

udies to be conducted in conjunction with a 
proposed excavation project using nuclear ex- 
plosives (Project Chariot, Plowshare Program) 
at the mouth of Ogotoruk Creek near Cape 
Thor on, Alaska. To date, no nuclear det- 
onations have been scheduled for the project. 
In August 1962, the Commission decided to 
defer a recommendation that the President 
authorize performance of the experiment. 

The proposed project would involve the si- 
multaneous detonation of five nuclear devices. 
Four 20-kiloton devices would be buried to 
about 400 feet and one 200-kiloton device 

tried to about 800 feet. The detonation of 
the four smaller devices would be expected to 
produce a channel about 900 feet wide and 


2 000 feet long, with a basin about 1800 feet 


in imeter resulting from explosion of the 
larger device. It is expected that about 95 
ercent of the fission products will be entrapped 


erground. 
After the U.S.S.R. resumed testing on Sep- 
tember 1, 1961, four fallout monitoring stations 
ere activated at Cape Thompson, Kivalina, 
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tzebue and Point Hope, as shown in figure 
During April 1962, two additional stations 
gan operation. Monthly averages of gross 
ta activities in air for the period January- 
igust 1962 are given in table 1. 

Results of radiochemical analyses of water 


samples collected during September 1961 and 
May—August 1962 are presented in table 2. 
The samples are from drinking supplies unless 
otherwise indicated. No water samples were 
collected during the winter months 
1961 through April 1962. 
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UNITS AND EQUIVALENTS 


For the convenience of the Radiological Health Data (RHD) reader a selected list of units and equivalents is presented below. 














Symbol Name Equivalent 
DOC caches dkau bbe ne.cryncta ous bie billion electron volts 
CPihiicraddbseveyendnyeecasndeém count per minute 
dnt ciated dtanadbbancetadeon disintegration per minute 
B--------------------+---------- gram 
ke .. ciated Reandesun odliubnetieaatan teint BE iatichdtiediie cchedis sane 1 kg = 1000 gm = 2.2 pounds 
ie NOE SSE EPR ES ES EE square kilometer 
KVB..pnvebbinvieds inks epiiddere tas kilovolt peak 
an”, ..ceuaniaibeabinie tid dwcdbumne SE. ce adontenscace 1 m* = 1000 liters 
MD. i dibhoss cnguiadsies scott milliampere 
WG dckeuiied o dapaitie Nedewnieaden milliampere-second 
EU a iecdt cits iii insiciins pbs’ who wetagabiiant million electron volts 
WF odiccebtbthecmadvdagemauniniens square mile 
ath ccna déandindinbbadasddaade milliliter 
Nib celd hicmdidupchihiative immed I. cninsiniatindidien.neys ait precipitation: 
mm = si X 1000 = nt 
uuc/liter m? 
MO Te Ao dads buniete oodaea millirad 
WN Ak ns svn dine hpiblennnsdatoen: millirem 
WE adkcdhcsiitinns dt ona anita milliroentgen per hour 
Data dntic delat tat ais oem millimicrocurie__...........--- l myuc = 1 nc 
RO citicnien tho snbnebanabansucddae ET NS, ly See lnc = 1000 pc = 1 muc = 10~* curies 
RE sddluvthinbdkeweds<0+ abled nanocurie per square meter - -- _- 1 nc/m? = 1 myc/m? 
= 1,000 uuc/m? = 1 mc/km’* 
= 2.59 mc/mi? 
D6. cccuebisnisinadabapeeandaan NS. iinet bondees sol 1 pe = 1 wuc = 10- curies 
P. .ddbanncpieeceéspetnneonckabee roentgen 
pill..<iiavdpiqudsbal Maladie aaat micromicrocurie 











1 wpe = 2.22 dpm 
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